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The dissertation focuses on the studies of Shpol’skii low-temperature synchronous 
fluorescence spectrometries and their apllications. Combination Shpol’skii effect with 
non-linear variable-angle synchronous fluorescence or constant-engery synchronous 
fluorescence techniques, polycyclic aromatic hydrocarbons (PAHs) both in the 
mixture and in food samples could be identified and quantified simultaneously. The 
dissertation consists of three chapters. 
 
In the first chapter, the literature was summarized. Theoretical principle of the 
Shpol’skii effect, the coupling between low-temperature fluorescence techniques and 
other analytical techniques, and their applications for the analysis of PAHs in the 
environment were described in detail. Methods for the analyses of PAHs in foods, in 
recent years, were also summarized. At last，the plans for the whole dissertation were 
put forward. This chapter was separated into four sections. 
 
In the second chapter, combining increasing selectivity advantages of Shpol’skii 
spectroscopy with the flexibility of synchronous scanning technique, low-temperature 
non-linear variable-angle synchronous fluorescence spectrometry (L-NLVASFS) was 
developed to identify and quantify simultaneously 1,2-benzoanthracene (1,2-BA), 
coronene (Cor), pyrene (Pyr) and 3,4-benzopyrene (BaP). The technique realizes the 
rapid simultaneous determination of the four PAHs in a mixture from a single 
spectrum based on a single scan. To compensate for variation of experimental 
conditions such as the position of the sample cell in the optical path, the rate of 
cooling, the inhomogeneity of the sample surface, and the source intensity, perylene 
(Pery) was used as an internal standard to correct the intensity of each PAHs in the 
mixture and the linear relationships between the concentration and fluorescence 
intensity were improved. The method has also been applied to various synthetic 
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In the third chapter, a method that could determine the PAHs in food samples by 
utilizing Shpol’skii effect coupled with constant-energy synchronous fluorescence 
spectrometry (CESFS) was described. Both low-fat samples (such as dried pig) and 
high-fat samples (such as grilled mutton bunch, fried oyster, grilled sausage, grilled 
pig bunch and fried bread stick) only need simple fore treatments. By using one single 
scan, several PAHs in foods could be detected. This method is simple, rapid and 
economic for detecting the carcinogenic PAHs in foods. This chapter was separated 
into two sections. 
 
 In section 1, the application of low-temperature constant-energy synchronous 
fluorescence spectrometry (L-CESFS) for the analysis of PAHs in low-fat food was 
studied. After the PAHs-spiked dried pig samples with low-fat were immersed in 
octane, acenaphthene (Ace), 1,2-benzoanthracene (1,2-BA), 3,4-benzopyrene (BaP), 
perylene (Pery) and 3.4,8.9-dibenzopyrene (DBP) in the spiked samples could be 
identified and three of them (Ace, 1,2-BA and BaP) could be detected quantitatively. 
The recoveries of real samples were fairly good. 
 
In section 2, the application of L-CESFS for the analysis of PAHs in foods with 
high-fat and relative complex matrixes was studied. After saponification and 
extracting of the grilled pig bunch samples,  Ace, 1,2-BA , BaP, Pery, DBP and 
2,3-benzoanthracene（2,3-BA）could be well identified, and three of them (1,2-BA , 
BaP, and Pery) could be well quantified . The method has also been applied to food 
samples spiked with the three PAHs with mean recoveries of 98.9 % for 1,2-BA , 95.4 
% for BaP, and 93.6 % for Pery. At the end of this section, the amount of BaP in fried 
bread stick was quantified by L-CESFS. 
 
Keywords: polycyclic aromatic hydrocarbons (PAHs); food; Shpol’skii effect; 
non-linear variable-angle synchronous fluorescence spectrometry (NLVASFS); 
































法：在 77 K 或更低的温度下，某些芳族化合物占据正烷烃溶剂结晶基体的特殊晶
格位置，有严格取向，有同样的分子场，其行为就如同隔离分子。溶质分子的振
动谱带尖锐，又因在低温下测量，热加宽作用降至 小，所以可获得准线性光谱，












































早在 1952 年，Shpol’skii 等人[3]就发现了这样一种现象，当一些多环芳烃被
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